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ABSTRACT 
 
We have developed a simple and effective method (Lig-PCR) for monitoring ligation reactions using PCR and primers 
that are common to many cloning vectors. Ligation mixtures can directly be used as templates and the results can be 
analyzed by conventional gel electrophoresis. The PCR products are representative of the recombinant molecules 
created during ligation and the corresponding transformants. Orientation of inserts can also be determined using an 
internal primer. The usefulness of this method has been demonstrated using ligation mixtures of two cDNA’s derived 
from the salivary glands of Aedes aegypti mosquitoes. The method described here is sensitive and easy to perform 
compared to currently available methods. 
 
 
INTRODUCTION 
 
Ligation is a vital process in the normal replication, 
repair and recombination of nucleic acids (1, 2). In vitro, 
it is an important tool for editing DNA and is frequently 
used for cloning of products generated by restriction 
e n z y m e  d i g e s t i o n ,  P C R ,  R T - P C R  a n d  a l s o  f o r  
construction of genomic (3), cDNA (4) or phage display 
libraries (5). Some methods like Ligase Chain Reaction 
(6), Amplified Fragment Length Polymorphism (7) and 
detection of mononucleotide repeat sequences (8) 
depend on nucleic acid ligations, while synthetic circular 
RNA molecules have also been made in vitro using RNA 
ligation (9). Being an essential component of many 
molecular biology procedures and having an increasing 
range of application, the success of ligation can become a 
critical parameter. Ligation efficiency becomes important 
during the generation of complex libraries (10-12) and 
with some of the above applications which involve 
ligation as an intermediate step. Hence, being able to 
evaluate products of a ligation reaction can be very 
helpful in planning subsequent steps. Creation of 
recombinants by ligation and their subsequent trans- 
 
 
formation is a relatively time-consuming process, with 
hardly any intermediate screening points. A simple 
method would be to check the ligation products by gel 
electrophoresis, but sacrificing a large portion of the 
ligation mixture (typically 10-30%) for conventional gel 
electrophoresis seems impractical. One of the methods 
previously described for assaying ligation reactions 
involved the labeling of ligation products using 32P, 
followed by denaturing gel electrophoresis and 
autoradiography (13, 14). In addition to not being 
sensitive, this method is time-consuming, discontinuous 
and involves the use of radioactivity. Other methods 
involve the use of capillary electrophoresis (15), real-time 
monitoring of ligations using molecular beacons (16) and 
an enzymatic bioluminescent assay (17). These methods 
have their own advantages, such as sensitivity (real-time 
monitoring using molecular beacons) or using very little 
sample (capillary electrophoresis). But they are 
specialized and require the availability of special 
reagents and equipment, to which many labs may not 
have access. Here, we describe a simple and effective 
method (which we have termed Lig-PCR) to analyze or 
monitor ligation reactions using PCR (18) and M13 based     
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primers that are common to most cloning vectors (19). 
Recombinant sequences can be directly amplified from 
very small quantities (0.5-2% or even lower, depending 
on the amount of plasmid molecules and number of PCR 
cycles) of ligation mixtures, without the need for 
intermediate purification steps. The results can be 
visualized on a standard agarose gel and completed in 
the time that is normally available between ligation and 
transformation (2-3 hours). An additional feature of this 
method is the capacity of determining the orientation of 
inserts, using an internal primer based on the insert 
sequence. 
 
MATERIALS AND METHODS 
 
Generation of inserts for TA ligation (ligation of PCR 
products generated by Taq DNA polymerase to T 
overhang vectors) and cohesive ligation 
 
We used two PCR products (60S-L37 and 40S-L17) 
derived from an Aedes aegypti mosquito salivary gland 
cDNA library as inserts for the ligation experiments 
described here. These PCR products correspond to the 
60S ribosomal protein L37 cDNA (60S-L37; GenBank Acc. 
No. AY552059) and the 40S ribosomal protein L17 cDNA 
(40S-L17; GenBank Acc. No. AY927787) from this 
mosquito. The original cDNA library was constructed in 
a λ TriplEx2 vector (BD Bioscience/Clontech, Palo Alto, 
CA, USA) and the 60S-L37 and 40S-L17P inserts were 
generated as PCR products using vector based primers 5’ 
λ TriplEx2 sequencing primer and λ TriplEx3’ LD-insert 
screening amplimer (Fig. 1A and Table 1). The cDNA 
synthesis procedure uses a primer CDS III/3’ PCR primer 
[ATTCTAGAGGCCGAGGCGGCCGACATG-d(T)30N-N], 
which gets incorporated at the 3’ end of all the cDNA’s. 
A primer designed from the above sequence is used as a 
common insert specific primer (Fig. 1). The PCR products 
were purified using the AMPure® solid-phase 
paramagnetic beads (Agencourt Biosciences, Beverly, 
MA, USA) and used for TA cloning into pCR 2.1 TA 
vector (Invitrogen, Carlsbad, CA, USA). For cohesive 
ligation, plasmid vector pCR 2.1 (0.5 µg)  and inserts 60S-
RP and 40S-RP (1 µg each) were double digested 
separately with 5 units each of restriction enzymes EcoR 
I and Hind III (Invitrogen, Carlsbad, CA, USA), purified 
using phenol-chloroform extraction and ethanol 
precipitation (20) and then subsequently used for 
ligation. 
 
Fig. 1: Strategy used for generating inserts for ligation. A. Generating 
inserts for 60S-L37 and 40S-L17 using PCR from Aedes salivary gland 
cDNA clones for TA and cohesive end cloning. CDS-III 3’ primer used as 
insert specific primer. B. pCR 2.1 plasmid vector (Invitrogen, Carlsbad, CA, 
USA) used for TA and cohesive end cloning (Map not to scale. Complete 
vector sequence and map can be found at www.invitrogen.com). 
 
Ligation 
 
Twenty five nanograms each of 60S-L37 and 40S-L17 
purified PCR products (referred from now as insert) 
were ligated to 25 ng of either TA or EcoR I and Hind III  
digested pCR 2.1 plasmid, using 2 units of T4 DNA 
ligase (Invitrogen, Carlsbad, CA, USA). The vector to 
insert ratio was about 1:6 in a final volume of 10 µls and 
the reaction was carried out at 14°C for 14-15 hrs in a 
bench top cooler (Tropicooler 260014, Boekel Scientific, 
Feasterville, PA, USA). The liagtion mixtures were used 
either directly for PCR (referred from now as Lig-PCR) 
or for transformation of chemically competent One 
Shot® Top10 E.coli cells (Invitrogen, Carlsbad, CA, USA).  
 
PCR amplification from the ligation mixture (Lig-PCR) 
 
The ligation mixtures were diluted 1:10 times with milli-
Q water and 1.0 µl of each ligation mixture (1%) was 
used to PCR amplify recombinant sequences (vector and 
insert) using M13-reverse and M13-forward (-20) 
plasmid specific primes (Fig. 1B and Table 1). The PCR 
was carried out in a GeneAmp® PCR system 9700 
(Applied Biosystems, Foster City, CA, USA) and the     
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reaction consisted of 0.25 µM of each primer, 180 µM of 
each dNTP and 0.5 units of Taq DNA polymerase 
(Eppendorf/Brinkmann, Westbury, NY, USA) in a final 
volume of 20 µl. The cycling conditions were an initial 
denaturation at 95°C for 1 min., followed by 35 cycles of 
95°C for 30 sec., 60°C for 20 sec., and 72°C for 1 min. The 
amplification products (referred as Lig-PCR products) 
were separated on a 1.5% Agarose/EtBr gel and 
visualized using a ChemiImager 4400 Imaging system 
(Alpha Innotech Corporation, San Leandro, CA, USA). 
The PCR products were quantitated as mean grey values 
of each band using ImageJ 1.33 software 
(http://rsb.info.nih.gov/ij/)  and expressed as percentage 
of recombinant or vector derived products for each 
ligation mixture. 
 
Table 1:  Primers used for cloning and analysis of 
ligation mixtures. 
Primer Sequence  (5’-3’) 
5’ λ TriplEx2 sequencing primer  TCCGA GATCTGGACGAGC 
λ TriplEx 3’ LD-amplimer 
ATACGACTCACTATAGGGC 
GAATTGGC 
M13-R (Reverse)  CAGGAAACAGCTATGAC 
M13-F (Forward) (-20)  GTAAAACGACGGCCAG 
CDS III/3’ primer  CCGAGGCGGCCGACATG 
 
Transformation 
 
Two microliters of undiluted ligation mixture were 
added to 25 µls of chemically competent One Shot® 
Top10 E.coli cells (Invitrogen, Carlsbad, CA, USA) and 
mixed gently. After 30 minutes on ice, the cells were heat 
shocked at 42°C for 30 sec. without shaking and 
immediately transferred on to ice. To the transformed 
cells, 125 µls of S.O.C medium (2.0% Tryptone, 0.5% 
Yeast extract, 10mM NaCl, 2.5mM KCl, 10mM MgCl2, 
10mM MgSO4, 20mM glucose) was added and incubated 
at 37°C for 1 hour, with shaking at 225 rpm. The 
transformation mixture was spread equally on to two LB 
agar plates with Kanamycin (50 µg/ml) and X-gal (0.5 
mM). Plates were incubated overnight at 37°C and blue 
and white colonies were counted the next day. 
Distribution of recombinant (White) and plasmid specific 
(Blue) colonies for each ligation mixture is represented as 
percentage. 
 
RESULTS AND DISCUSSION 
 
In Fig. 1A & B, the method that was followed to generate 
the insert for ligation reactions is outlined. The 60S-L37 
and 40S-L17 PCR products are around 660 and 600 bp 
respectively. The Taq DNA polymerase generated PCR 
products (with A overhang) were ligated directly to pCR 
2.1 TA vector; while for cohesive ligation, the PCR 
products were digested with Eco RI and Hind III 
restriction enzymes, resulting in a shorter insert size by 
about 124 bp each (Fig. 1A). Eco RI and Hind III 
digestion of plasmid pCR 2.1 results in the deletion of a 
short 65 bp fragment (Fig. 1B). Figure 2 shows the Lig-
PCR products obtained by direct PCR amplification of 
TA and cohesive ligation reactions using M13 forward (-
20) and M13-reverse primers (Fig. 1). The sizes of PCR 
products are listed below the gel profile, with the lower 
bands of 200 bp corresponding to the product obtained 
from the plasmid vector without any insert. Clear 
differences are visible between the different types of 
recombinant molecules created in the two reactions, 
based on the corresponding insert size. The distribution 
of recombinants compared to the re-ligated plasmid 
( d e s c r i b e d  h e r e  a s  p e r c e n t a g e  o f  P C R  p r o d u c t s )  w a s  
higher for cohesive ligations (Fig. 2, Lane 4 & 5), than for 
TA ligations (Fig. 2, Lane 2 & 3). TA ligations for both 
60S-L37 and 40S-L17 show a high percentage products 
derived from re-ligated plasmid vector (Fig. 2, band 2), 
similar in size to the ones obtained from control, 
undigested plasmids (Fig. 2, Lane 1). The 60 bp size 
difference between the 60S-L37 and 40S-L17 insets (Fig. 
1A; Fig. 2, Lane 6 & 7) is clearly visible in the 
corresponding Lig-PCR products in both TA and 
cohesive ligation mixtures (Fig. 2, Lanes 2, 3 & 4, 5, 
respectively). As depicted in Figure 1, the recombinants 
generated from cohesive ligations would be shorter by 
about 190 bases than their TA ligation counterparts, 
which can be seen in the corresponding PCR products 
generated using this method (Fig. 2, Lane 2, 4 & 3, 5 
respectively). 
 
 
Fig. 2: PCR products from ligation mixtures using vector specific primers 
M13-R & M-13F. Electrophoresis on 1.2 % agarose gel and staining with 
Ethidium Bromide. A: Band 1 derived from recombinants and Band 2 from 
relegated pCR 2.1 vector. Lane 2 & 3 has two types of recombinant 
specific products and both were used for calculation band 
intensity/amount. B: PCR product amounts calculated as corresponding 
band intensity (mean grey value) using ImageJ 1.33 software 
(http://rsb.info.nih.gov/ij).     
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This is consistent with high ligation efficiencies expected 
for cohesive-end ligation, relative to TA ligations. These 
results also demonstrate the simplicity and usefulness of 
this method to monitor ligation mixtures using PCR. 
Since only a small portion of the reaction is required, 
without any intermediate purification step, the time 
required for this analysis usually fits between typical 
ligation and transformation procedures. This method 
was also repeated using purified ligation mixtures and 
the results were comparable (data not shown). This 
ability to screen ligation mixtures becomes important in 
planning subsequent steps, thereby saving time, reagents 
and effort.  
 
To demonstrate the ability of Lig-PCR method in 
predicting the results of the transformantion, a portion of 
the above ligation mixtures were transformed into 
chemically competent E.coli cells and the resulting 
colonies were counted. Figure 3 shows the relative 
amounts of recombinant and vector specific colonies 
obtained from TA and cohesive ligations for 60S-L37 and 
40S-L17, expressed as percentage. Cohesive ligation 
mixtures resulted in around 86% and 77% of 
recombinants for 60S-L37 and 40S-L17, respectively; 
while for TA ligation mixtures, this number was around 
52% and 43%. This ratio is similar to the corresponding 
Lig-PCR band intensities (Chart B, Fig. 2). Same type of 
correlation existed for transformants resulting from re-
ligated plasmid vectors. The nature and amounts of Lig-
P C R  p r o d u c t s  c a n  b e  u s e d  a s  a n  i n d i c a t i o n  f o r  t h e  
expected transformants from ligation mixtures, further 
supporting the usefulness of this method.  
 
 
Fig. 3: Distribution of transformants and Lig-PCR products from ligation 
reactions. Graph showing the relative percentages of transformants for 
each ligation mixtures. Colonies counted after blue-white screening on X-
gal media. Also, confirmed by PCR (data not shown). Error bars: < 5%. 
Chart A: Recombinant and vector specific transformants expressed as 
percentage. Chart B: Recombinant and vector specific Lig-PCR products 
expressed as percentage (shown for comparison). The charts represent 
data from three independent experiments. TA &  Coh-60S & 40S: 
Transformants obtained from TA and Cohesive ligation samples for 60S-
L37 and 40S-L17. Refer to Figure 2 for description of Ligation samples. 
We have also used the Lig-PCR method to determine the 
relative orientation of inserts in recombinants generated 
from the above ligation reactions. An internal primer on 
60S-L37 and 40S-L17 cDNA insert, CDS III/3’ primer (Fig. 
1) was used in combination with either M13-forward (-
20) or M13-reverse primer on pCR 2.1 vector for PCR 
amplification of TA and cohesive ligation mixtures. 
Figure 4 shows the profile of products obtained (Lanes 1-
8) in comparison to controls (Lanes 9-12), where no insert 
specific primer was used. The gel profile indicates that in  
the case of both TA and cohesive ligations for 60S-L37 
and 40S-L17, relatively more inserts were in M13-
Forward (-20)-CDS III/ 3’ primer orientation (Lane 1, 3, 5, 
7) than in the M13-Reverse-CDS III/ 3’ primer orientation 
(Lane 2, 4, 6, 8). As determined by band intensity values, 
the percentages of recombinants in the M13-Forward 
primer orientation were around 88% and 68% for TA 
ligated 60S-L37 and 40S-L17; while in case of cohesive 
ligations, they were around 73% and 71%, respectively. 
Interestingly, inserts in both types of ligation mixtures 
showed similar types of preferential orientations, which 
was only expected for Eco RI-Hind III directional cloning 
(Fig. 1). The Lig-PCR products in Lanes 4 and 8 of Figure 
4 are from single restriction enzyme digests, where the 
insert can orient in both directions. The higher bands 
seen in many lanes can result from concatemer 
molecules.  
 
 
Fig. 4: Determining insert orientations using Lig-PCR method. All PCR 
reactions (except controls) were carried out with the insert specific primer 
CDS III-3’ (Table 1) and either M13-F or M13-R. TA: TA ligation; Cohesive: 
Cohesive (EcoR I-Hind III) ligation. F: M13- forward primer; R: M13-reverse 
primer. 
 
In summary, the method described here complements 
other methods that have been developed to monitor 
nucleic acid ligation reactions (13-17). More importantly, 
the Lig-PCR is a simple and effective method for 
analyzing ligation mixtures without the need for any 
intermediate purification steps, special reagent, 
equipment or radioactivity. To our knowledge, this is the 
only method that can be used for determining insert 
orientations directly from ligation mixtures, as has been 
demonstrated in the results (Fig. 4). This becomes useful     
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during non-directional ligation in cloning and expression 
vectors. We have used around 1% of the ligation mixture 
for our analysis, a higher amount compared to about 
0.02% mentioned for capillary electrophoresis based 
analysis (15), but using an amount lower than 1% is also 
possible. The minimum amount of sample required for 
Lig-PCR analysis has to be standardized and will depend 
on the size and amount of plasmid vectors being used 
and the complexity of the ligation mixture. Being a PCR 
based method and resulting in amplification of the initial 
template, the Lig-PCR method is preferable over other 
sensitive but complicated methods (15-17). The average 
time required to carry out the Lig-PCR method would be 
about 2-3 hours and can depend on the length and 
number of PCR cycles, followed by gel electrophoresis. 
This method can be customized for most ligation 
mixtures and it is possible to reduce the total time 
required to carry out this procedure. Any set of vector 
based primers, which covers a cloning site, can be used 
and the amplification cycles can be adjusted according to 
the template and primers. Usually, these parameters are 
already standardized for regular PCR analysis. A Lig-
PCR product band from agarose gels can be directly 
eluted, purified and used as a template for cycle 
sequencing. This can be another application in cases 
where the insert sequence or suitability of amino acid 
reading frame needs to be determined, without going 
through the normal transformation, colony screening 
and plasmid isolation procedures. 
 
Potential difficulties and challenges that can be 
encountered during designing and performing this 
method may include designing primers for plasmids that 
do not have primer binding sites on either sides of 
cloning sites. Most commercially available plasmid 
cloning vectors have such sites for M13, T3 and T7 or 
other universal primers. Before performing the Lig-PCR, 
primer annealing and extension conditions will have to 
be standardized using regular PCR. Quantitating the 
PCR products on gel will require a gel documentation 
system and an image analysis or software program. We 
have used ImageJ 1.33 for this purpose, which can be 
freely downloaded from http://rsb.info.nih.gov/ij/. For 
determination of insert orientations, proper controls 
should be used to ensure that the PCR products are 
derived only from recombinant molecules in the ligation 
mixture. Any laboratory having access to basic molecular 
biology infrastructure can perform this analysis on a 
regular basis. We have ourselves found it very useful for 
planning cloning strategies and troubleshooting 
unexpected results. 
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PROTOCOLS 
 
Equipment 
 
1.  Thermal cycler: GeneAmp® PCR system 9700 (Applied Biosystems, Foster City, CA, USA) 
2.  Bench top cooler: Tropicooler 260014 (Boekel Scientific, Feasterville, PA, USA). 
3.  Temperature controlled water bath: Isotemp 105 (Fisher Scientific, Pittsburgh, PA, USA) 
4.  Incubator Shaker: Classic C24 Series (New Brunswick Scientific, Edison, NJ, USA) 
5.  Gel Electrophoresis Apparatus: MGU 202T & MGU 602T (C.B.S. Scientific, Del Mar, CA, USA) 
6.  Gel Imaging System: ChemiImager 4400 Imaging system (Alpha Innotech Corporation, San Leandro, CA, USA) 
 
Reagents 
 
1.  Plasmid cloning vector: pCR 2.1 plasmid (Invitrogen, Carlsbad, CA, USA) 
2.  Restriction enzymes: EcoR I, Hind III 
3.  DNA ligase: T4 DNA ligase  
4.  Competent cells: One Shot® Top10 E.coli chemically competent cells (Invitrogen, Carlsbad, CA, USA) 
5.  Milli-Q water 
6.  Plasmid specific primers: M13-forward and M13-reverse primers 
7.  PCR reagents: 10X reaction buffer, dNTP mix (2.5 mM each) and Taq DNA polymerase Eppendorf/Brinkmann, 
Westbury, NY, USA) 
8.  Agarose: SeaKem LE agarose (BioWhittaker Molecular Applications, Rockland, ME, USA) 
9.  Ethidium Bromide. 
10.  S.O.C medium (premixed, Invitrogen, Carlsbad, CA, USA) 
11.  Bacterial growth media: Luria-Bertani medium (premixed dry powder, Fisher Biotech, Pittsburgh, PA, USA 
12.  Antibiotic: Kanamycin (50mg.ml stock) 
13.  Blue-White screening for recombinants: Using X-Gal (0.5 mM final) in the growth medium 
 
Method 
 
1.  Perform ligation reactions as u s u a l .  U s e  a b o u t  2 5  n g  o f  p l a s m i d  v e c t or per 10 µl reaction, in order to have 
sufficient templates for the subsequent PCR amplification.  
2.  Dilute the ligation mixture 1:10 times with milli-Q water and take 0.5-1 µl (0.5-1%) for PCR amplification. There is 
no need to purify the ligation mixture.  
3.  To a sterile tube, add 10 µls of sterile distilled water; 2 µl s  o f  1 0 X  P C R  r e a c t i o n  b u f f e r  ( w i t h  M g C l 2; add 
appropriate amount of MgCl2 in case the buffer does not have it); 1.5 µls of 10 mM dNTP mix (180 mM final 
concentration); 0.5 µls of 10 µM primers (0.25 µM each); 0.5 units of Taq DNA polymerase; 0.5-1 µls of template 
(diluted ligation mixture) and make up the volume to 20 µls with additional sterile distilled water. 
4.  Mix gently by pippeting and centrifuge briefly to get the contents at the bottom of the tube.  
5.  Place the tube(s) in a PCR machine when the temperature of the block is at about 75°C (manual hot start; this step 
can be avoided by using a hot start Taq polymerase).  
6.  Carry out PCR according to the following cycling conditions: 
•  Initial denaturation (1 cycle): 95°C for 1 min. 
•  35 cycles of: 95°C for 30 sec, 60°C for 20 sec and extension at 72°C for 1 min. 
(This annealing temperature can be used for M13-forward and M13-reverse primers with suitable vectors. For 
other primer combinations, it has to be standardized. If the insert size used for ligation is more than 2 kbp, the 
extension time can be increased by about 1 min per 2 kbp DNA).       
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7.  The PCR products (referred here as Lig-PCR products) can be analyzed immediately by conventional agarose gel 
electrophoresis or can be stored at -20°C.  
8.  Analysis of Lig-PCR products: Proper controls will have to be used for identifying products derived only from 
recombinant molecules in the legation mixture(s). Control 1: Circular plasmid, without any insert; Control 2: Only 
insert(s), without any vector sequence; Control 3: No templates. In cases where the identities of the insert(s) are to 
be determined, the Lig-PCR products can be directly eluted from the gel, purified and sequenced (preferably cycle 
sequencing) using either of the primers that were used for PCR.  
9.  Transformation: To confirm the type of recombinant molecules generated in the ligation reaction (and as analyzed 
using the Lig-PCR method), a small portion of the ligation mixture can be transformed into competent cells and 
plated on growth media to obtain bacterial colonies. Recombinants can be screened using suitable methods, such 
as Blue-White screening on X-gal or X-gal/IPTG media for plasmids having the alpha complementation properties 
of LacZ. The amounts of recombinant and vector derived colonies can be correlated to the band intensities of the 
corresponding Lig-PCR products. 